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ABSTRACT

The impending release of the Motor Vehicle Emissi8imulator (MOVES) has prompted interest in
using these emissions in air quality modeling. M@VES PM s emissions are significantly higher for
onroad gasoline mobile sources due to temperagperdiencies built into MOVES. Thus, these
emissions are expected to be different from emissi@ased on the Mobile Source Emission Factor
Model, version 6.2 (MOBILEG6). These differences anportant for modeling applications and include
() higher overall values, (2) greater daily anddhpvariability, and (3) greater spatial variatyiliwith
colder regions experiencing significantly higherigsions. The computationally intense nature of
MOVES makes it difficult to run MOVES directly fall temperatures needed using gridded, hourly
temperatures. The work reported here defines hadetogy for using MOVES-based emissions
without running MOVES for all temperatures in adunties.

The approach described differs significantly frofiia@kup table” approach (used previously for VOCSs)
or the use of county-monthly emissions that hakeaifor MOBILE6-based processing using the
National Mobile Inventory Model (NMIM). The apprcarelies on adjustments of start and running
emissions from 72° F for all modeling hours and gells predicted by the meteorology data to be
below 72° F, down to a maximum adjustment at -20mhkplementation of this approach demonstrates
that it is a relatively efficient manner for inciag these emissions improvements.

Results from this work show that in some areas; £vhissions from onroad gasoline sources can be
many times higher than previously estimated usiMOBILE6-based approach, created with NMIM.
We show the impact on temporal and spatial vaitgtwf the emissions from using this approach.
Further, we show that our approach can providefsgntly different emission estimates from both a
NMIM/MOBILE6-based approach and a MOVES-based apgindhat uses state-month temperatures
for air quality modeling.



1 INTRODUCTION

The Environmental Protection Agency (EPA) OfficeToansportation and Air Quality (OTAQ)
and Office of Air Quality Planning and Standards\(@S) have recently developed and implemented
significant improvements for onroad gasoline mobiissions using the Motor Vehicle Emissions
Simulator (MOVES). This paper describes the impé¢hose changes on both the emissions data and
air quality modeling results on a national, 36-leaalution modeling domain using the Community
Multiscale Air Quality (CMAQ) model.

The purpose of this paper is not only to providerésults of using these data, but also to provide
our methodology for applying temperature adjustmémtemissions of particulate matter less than 2.5
microns (PM5). In Section 2, we describe the MOVES model ugslaind the changes intended to
improve estimation of onroad mobile source emissidn Section 3 we provide our modeling
approach, including the modeling configuration, ME®/ application, MOVES pre- and post-
processing, including PM temperature adjustments. The final results sedescribes both the
significant impact on the emissions, particulanynprthern cities, and the impact on the modeled ai
quality.

2 BACKGROUND

2.1 Underestimation of onroad PM

Onroad mobile PMs emissions are known to be key contributors t@allutants based on monitoring
results, particularly in urban areas. In particutsiganic mass is a key concern because of e lar
contribution to ambient Pp4 relative to other Plys components. A good summary and analysis that
identifies these issues is provided in Brown et(@D06). This report concludes that a major sewifc
organic mass is mobile sources. In addition, mohades that primary local sources, including mebil
and industrial sources, are more important to anlieganic mass than transport or secondary saurces

The emission inventory has not traditionally beensistent with these conclusions, and the unceytain
in mobile PM s emissions has long been identified as the caliseaddress this uncertainty, EPA
created a consortium of sponsors in 2003 to sugpaitadvise a multi-year test program of onroad
motor vehicles to collect data needed to suppgotaved emission inventories for mobile sourcesisTh
test program is now commonly referred to as thesidarCity study. Previous work by Stump et al.
(2002) and Cadle et al (1999) had suggested thgideature might influence the amount of PM emitted
from light-duty vehicles, particularly at lower tperatures. To further investigate and quantify a
temperature impact, EPA divided the test prograim snmmer and winter periods, with overlap of 41
vehicles tested in both periods. This work incogpes these new data through use of the MOVES
model, as explained further below.

2.2 Summary of onroad mobile improvementsincluded in MOVES

MOVES includes many improvements over the Mobiler$e Emission Factor Model, version 6.2
(MOBILEG6), among them user interface, flexibility $pecifying operating modes, expanded technology
and fuel choices, ease in updating, and improvadsom factors, fuel effects, PMtemperature

effects, and deterioration factors. PM emissioasavderived from the Kansas City study, using
approaches described by Nam et al. (2008). Theareof MOVES used for this work was an
intermediate version of the recently released IMEXVES2009. The latter estimates criteria and majo
hazardous air pollutants for onroad mobile sourdamissions from heavy-duty diesel vehicles in
MOVES2009 were derived from more than 300 in-udgales in a number of detailed studies.



However, they were not sufficiently developed mdito use in the work described in this paper.
MOVES2009 also includes updated national defafittrmation on vehicle fleet and activity. For
consistency, however, we used VMT from NMIM for therk described in this paper.

MOVES provides the Pl emissions as total P, primary elemental carbon (PEC), and primary
sulfate (PSO4). The temperature adjustments appiyto the primary organic mass (POM) and PEC
parts of PMs. As part of our post-processing approach, we edgenfne primary organic carbon (POC)
needed for CMAQ by making assumptions about theposmion of POM from MOVES. Temperature
adjustments also impact exhaust naphthalene emssbgcause these are computed as a fraction of
PM,s The details and formulations of the speciatind g&emperature adjustments are provided in
Section 3, below.

MOBILES6 places start and non-runnning evaporativéssions on the twelve highway performance
monitoring system (HPMS) road types; MOVES addsirketenth "road type, called “parking areas,” for
emissions that do not actually occur on roadwayduding starts and non-running evaporative
emissions. For the inventories described heregliweated parking area emissions for light duty
gasoline vehicles to grid cells by urban and rloedl road VMT; for the heavy duty gasoline vehs;le
we allocated parking area emissions to commeiraidilistrial and institutional land.

3 APPROACH

To show the impact of using MOVES-based emissiatesgreated emissions and ran the CMAQ air
guality model for three cases. For each of thases; we changed the onroad mobile approach as
follows:

* NMIM case: Used emissions as described in Section 3.1, wahthly emissions based on
month-specific and county-specific 2005 temperature

* MOVEST72 case: Used MOVES-based data for available pollutants: FBVL sandexhaust
naphthalene, used emission fact@houttemperature adjustment, which is the emissiorofact
at 72° F, as described in Section 3.3.

* MOVEScase: Same as the MOVES72 case excepbP&hd exhaust naphthalene temperature
adjustments were applied on an hourly grid-celldyass described in Sections 3.2 through 3.4.

3.1 Model and emissions configuration

We processed emissions for all three cases usm§phrse Matrix Operator Kernel Emissions
(SMOKE) modeling system version 2.4, along withtoos post-processing for the MOVES steps. The
air quality modeling was done using CMAQ version, 4vhich includes secondary organic aerosol
(SOA) chemistry relevant for improved BMmodel predictions. We derived the gridded
meteorological input data for the entire year d2@om simulations of the Pennsylvania State
University / National Center for Atmospheric RestaMesoscale Model (Grell et al., 1994). This
model, commonly referred to as MM5, was evaluatatishown to replicate the actual meteorological
patterns of 2005 with sufficient accuracy for us€€MAQ.

We modeled all three cases for an annual episodieeo®6-km gridded national U.S. domain shown in
Figure 1. This domain uses a Lambert projecticth @wicenter at 40° latitude and -97° longitude,
meridians at 33° and 45° latitude, a lower lefheorat (-2736 km,-2088 km), and 148 cells in the

X direction and 112 cells in the Y direction. Weedghe SOA-enhanced CB05 ozone chemical
mechanism, which includes emissions of benzenesasguiterpenes that play a role in SOA formation
in CMAQ'’s chemical computations. We used SMOKUptepare the hourly gridded data needed for air



guality modeling using an intermediate version &i(@S’s “version 4” modeling platfornusing a
2005 base year.

Figure 1: National modeling domain using a 36-km resolved.gri
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For all three cases, we used emissions data baseariy on the 2005 National Emission Inventory
(NEI), except for wildfire and prescribed burninghich used an “average fire” approach developed for
modeling purposes. The following list summarizes tnodeling sectors and the source of the data used

for the modeling.

Point sources: 2005 NEI v1 emissions for electric generatingai(EGUs) and nonEGU point
sources. For nonEGU emissions, this inventory siaply the 2002 NEI v3, with plant closures
applied between 2002 and 2005. For EGUs, the 2668nuous emissions monitoring (CEM)
data were used for the annual values, and the ieméswere allocated to days using an approach
that calculates monthly emissions using 2004, 2868,2006 CEM data and further calculates
daily emissions using 2005 CEM data. This appraosclescribed in EPA’s documentation of its
2002 modeling platform (Strum et al., 2008).

Stationary nonpoint sources. 2005 NEI v1 emissions, which contained 2002 NE&w3ssions
values, with corrections that reduced resident@bdvcombustion VOC. This sector also
includes portable fuel container emissions for 20B@r fugitive dust sources (e.g., building
construction, road construction, paved roads, uegpavads, agricultural dust), the emissions
included reductions based on county-specific trartaple fractions to PM and PM s using
information on vegetation and surface features¢P2@05). Since most of this inventory uses
2002 values, additional details about it are ab#lan Strum et al. (2008).

Wildfiresand prescribed burning: “Average year” fire emissions described in Sec2ah3 of
Strum et al. (2008).

Nonroad mobile: There are three parts to the nonroad mobile invgnto
0 Monthly emissions that sum to the same valuesaarhual 2005 NEI v2 emissions.
Created by NMIM running the NONROAD model, usingtstprovided NMIM inputs



for Maine, Maryland, Michigan, Utah, and WisconsiPre-calculated emissions
provided by states for California.

o Aircraft, locomotive, and marine emissions from #@®2 NEI v3 for criteria pollutants
and hazardous air pollutants.

o0 C3 commercial marine vessel emissions, includirgeatemissions out to 200 nautical
miles (Corbett et al., 2006). These are also gein the 2005 NEI v2.

* Onroad mobile: The 2005 NEI v2 emissions were used for all tluases, in varying degrees
depending on whether MOVES data were also usedcrdsed these using NMIM running the
MOBILE6 model (US EPA, 2008a). These NMIM runsluted state-provided VMT NMIM
inputs for Delaware, Georgia, Idaho, Nevada, Pduansia, Tennessee, Texas, and West
Virginia. They also included state-provided non-VMMIM inputs for Arizona, Colorado,
Delaware, District of Columbia, Georgia, Idaho, MaiMaryland, Michigan, Nevada, North
Carolina, Pennsylvania, South Carolina, Tennegs®as, Utah, Virginia, and West Virginia.
Pre-calculated emissions were used as providedabfofia. Depending on the case, some of
these emissions were replaced with MOVES-basedsemnis, as described in Section 3.2.

* Biogenic emissions: We created these emissions using 2005 meteoralogyhe BEIS3.14
model, including the sesquiterpenes needed fo€CMAQ v4.7 used for the modeling.

* Non-USinventories: 2000 Canadian inventory and 1999 Mexican inventi@scribed in
Section 2.6 of Strum et al. (2008).

3.2 Overview of MOVES-based approach

As described above, two of the three modeling cdessribed by this paper used MOVES-based
emissions for onroad gasoline sources. For thasess MOVES-based emissions were used for all
states except California and for pollutants CO, N@XC, species of exhaust BM naphthalene,
benzene, acetaldehyde, formaldehyde, acroleinbatadliene. The species of exhaust,Rkrovided

by MOVES are PEC and PSO4. For the MOVES caseR@@€, PEC, coarse PM (PMC) and exhaust
naphthalene emissions received a temperature agjust For the MOVES72 case, we did not apply
that adjustment. Section 3.4 provides more detdite speciation and temperature adjustment
approaches.

We did not use MOVES-based emissions in Califob@eause our modeling approach uses California
emissions provided by that state, and no informatvas available on how to apply the MOVES-based
temperature adjustments to that state. Additigntile MOVES motorcycle and diesel emissions
estimates were not available at the start of tficsteand therefore were not used.

Because of the long processing times to run MOM&Srealized at the start of the project that wdaou
not run MOVES for each county using gridded tempeeadata for an entire year. Even using county-
specific monthly average temperatures would hakentégonger than our project’s time would allow.
Because of the significantly higher PM emission®aer temperatures, we also wanted to use gridded,
hourly temperatures rather than averaging tempesin space or time. We determined that it is a
good assumption for this work to adjust emissicasel only on whether those emissions were for the
start or running exhaust modes, because the adjnssrdo not depend on county, vehicle type, month,
or hour. This assumption allowed us to processittagjusted (or 72° F) PMand exhaust naphthalene
start emissions separately from other running @omnss and then apply temperature adjustments using
gridded, hourly temperatures to the gridded, spedjdourly emissions.



Figure 2 summarizes our overall approach. The MO¥missions (far right) were created for gasoline
vehicle exhaust at the state-SCC level for theupantits available from MOVES. The BMMOVES
data were also separated by running and start skhaades, needed for downstream processing.

Figure 2: Overall approach for incorporating MOVES data
into emissions processing to support CMAQ.
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The NMIM (center) was also run for all onroad ptdluis, processes, vehicles, and counties as part of
the 2005 NEI v2 (see http://lwww.epa.gov/ttn/chiet/2005inventory.htm)land these emissions were
used for three purposes. First, the onroad NMINksions supplied county-SCC-month emissions for
pollutants not available from MOVES, including thkeke and tire wear PM emissions because
MOVES provided only exhaust P These emissions went to the “on_noadj” sectowshin the

middle left of the figure. Second, the onroad NMékhissions were used to allocate the MOVES
emissions from the state-process-pollutant levéhéocounty-process-pollutant level, shown by tbe b
labeled “Disaggregate MOVES to County”. Finallye wsed the NMIM data to disaggregate the annual
California emissions to obtain monthly Californiatal and add the road type detail of the SCC (needed
for spatial allocation), shown in the middle lefitbe figure. Prior to processing in SMOKE, weatesl
three processing sectors: (1) “on_noadj” includesraoad emissions other than the MOVES start and
running PM 5, (2) “on_moves_startpm” includes the startingRMmissions, and

(3) “on_moves_runpm” includes the running PMmissions.

Emissions from
other sectors




Next, we processed the three sectors separatelyghtSMOKE's temporal allocation, spatial
allocation, and chemical speciation steps as sepanaissions sectors. Finally, we applied the star
emissions temperature adjustments to the on_maetra sector and the running emissions
temperature adjustments to on_moves_runpm settor.temperature adjustments step also included
special considerations for handling the pre-spedi&M emissions provided by MOVES, which is
described further in Section 3.4.

Using the extra temperature adjustments stepsresgoiore processing time as compared to running
with NMIM only, and that additional time dependstbe number of grid cells. For our 36-km domain,
we ran the temperature adjustments simultaneoasiypé& exhaust and running emissions, and ran
sequentially for all days in the year. These stepk about 12 hours for each mode. We could have
further reduced the time taken by processing qugdar periods in parallel. For the NMIM case, the
SMOKE processing steps took 5.5 hours running qugear periods in parallel. For the MOVES case,
the SMOKE processing steps took 5.25 hours alseimgrquarter-year periods in parallel. Thus, the
total increase in processing time for the MOVES=a@s compared to the NMIM case is 11.75 hours or a
214% increase for the onroad sector. These timlatg include not only creating the temperature
adjusted gridded, model-ready data, but also ce8at¢ inventories with adjusted emissions that we
used for summary purposes. Processing times d¢aufdrther reduced by not calculating the county-
SCC emissions values or running this step outdidleeocritical processing path needed for CMAQ-
ready emissions. In contrast, we estimate thdbpemg county-specific MOVES runs using detailed
temperature data would have taken months of prowgtimme. While these performance times are
dependent on our particular processors and systefigaration, they provide an indication of the
relative efficiency of the approach.

3.3 Application of MOVES

We ran MOVES to produce output for all MOVES SC@isdnly gasoline vehicles, which excludes
motorcycles. These vehicles comprise four SCColelypes: light duty gasoline vehicles, light duty
gasoline trucks 1 and 2, light duty gasoline trugkshd 4, heavy duty gasoline vehicles 2b through 8
and buses. Because there are twelve HPMS roadgyayg plus a thirteenth “parking area” roadway
type added to MOVES for emissions not on roadsethwere a total of 52 MOVES SCCs. The
additional SCCs due to the new “parking area” roagltype (and not familiar from NMIM) are listed in
Table 1.

Table1: Onroad g_]asoline SCCs from MOVES
SCC Description’

2201001350 Gasoline;Light Duty Gasoline VehicleB@V);Parking Area: Rural

2201001370 Gasoline;Light Duty Gasoline VehicleB@V);Parking Area: Urban

2201020350 Gasoline;Light Duty Gasoline Trucks 2 @16) = LDGT1 (M5);Parking Area: Rural
2201020370 Gasoline;Light Duty Gasoline Trucks 2 @6) = LDGT1 (M5);Parking Area: Urban
2201040350 Gasoline;Light Duty Gasoline Trucks 8 @6) = LDGT2 (M5);Parking Area: Rural
2201040370 Gasoline;Light Duty Gasoline Trucks 8 @6) = LDGT2 (M5);Parking Area: Urban
2201070350 Gasoline;Heavy Duty Gasoline VehiclesitB 8B & Buses (HDGV);Parking Area: Rural
2201070370 Gasoline;Heavy Duty Gasoline VehiclesitB 8B & Buses (HDGV);Parking Area: Urban

* Description preface “Mobile Sources; Highway Vebagl}” applies to all descriptions, but was left foautformatting purposes.




Figure 3: 2005 temperature
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Because at this time, county-month level runs takdong,

we ran MOVES at the state-SCC-month resolutionvaasl
post-processed using NMIM data to achieve count¢-SC
month resolution, as described with more deta8éction 3.4.
We performed the MOVES PM runs for gasoline vehicles by
state and month the same way as for other polsitartept
that temperatures were fixed at 72° F. We theeldped
temperature adjustment factors for P\by repeating MOVES
runs at one degree increments from -20° F to #@? éne
vehicle type, one county, one month, and one hdte
temperature adjustment factors are the ratio ofsions at
each temperature to the emissions at 72° F. Traées were
calculated separately for start and running emnssicAs
shown in Figure 3, the adjustment factors for starissions
range from 1.0 at 72° F to about 70 times at -20¢HHe the
factors for running emissions range from 1.0 atF &9 about
20 times at -20° F.

In our MOVES runs, these ratios do not depend amiy vehicle type, month, or hour, because we did
not have county-specific information that impaa temperature affects. If we had needed adjustment
factors after 2010, the ratios for the start exhausssions would have depended on year becaude col
start controls from the Mobile Source Air Toxics$MT2) Rule begin in 2011. Since these controls
affect only new vehicles, their effect increasesrdime after 2010 as the fleet turns over. Theeu

are also affected by vehicle age distributions,tbat was not a factor in this effort because veeiased

a single age distribution everywhere.

We created and used Perl scripts to build each M®Wigut set (“runspec”) for temperatures between
-20 and 72° F, which was easier than manually crgdlhese inputs. Once the runs for all temperature
were complete, we used another Perl script to coendll temperature runs into a single output daaba

table that records PM emissions by temperature.

3.4 Processing steps for MOVES-based emissions

The temperature impacts on PMrom MOVES apply only to some of the species of,Rlsind to PMC
and naphthalene. We developed extra processipg &iethe purpose of correctly applying MOVES
temperature impacts to the Ryspecies, and computing all of the PMpecies needed by CMAQ. In
addition to POC, PEC, and PSO4 the CMAQ-requirettigs include primary nitrate (PNO3) and
“other” PM,s (PMFINE). The following steps summarize our agmiofor both applying the
temperature impacts and handling the extra coresides for speciation:

1. Pre-processing
Disaggregate state/process MOVES emissions to gfuatess using NMIM

Compute speciated PMemissions, with those species to be adjustecefoperature
effects computed at 72° F

Compute extra emissions values needed for temperatjustment calculations during
post-processsing (the “OTHER” species)

Compute PMC from Piyk

0]
0]

o



2. SMOKE processing for MOVES PM sectors without terapgre adjustments
o0 Process emissions for representative days: momti{gpMonday, weekday, Saturday,
and Sunday plus holidays and the day after holidays
o Create two sets of gridded, speciated (unadjushedi]y data files: one each for sectors
on_moves_runpm and on_moves_startpm

3. Post-processing
o0 Apply temperature adjustments to POC, PEC, andthajgdne
o Compute temperature-adjusted part of PMFINE
o Compute temperature-adjusted PMC

In the remainder of this section, we focus on tleegrocessing and post-processing steps, since ther
was nothing unique about the SMOKE processing step.

3.4.1 Preprocessing

To implement a temperature adjustment to exhaustsP&haust PMC, and exhaust naphthalene based
on MOVES, we first used the MOVES run describe8&éttion 3.3 to compute RPMand naphthalene
emissions at 72° F and at the state-process l&Veldeveloped a pre-processing $ABogram with

two functions: (1) disaggregate the state-proce®@¥/KS data to county-process using the NMIM data
and (2) compute the emissions species neededrnectgrapply the temperature adjustments after
SMOKE processing.

For all pollutants provided by MOVES, the disag@tsan step mapped the MOVES-based
SCCs/pollutants to the NMIM SCCs/pollutants and patad the county-SCC level emissions for all
SCCs using the following equation:

MOVES county-SCC = MOVES state-SCC x NMIM count@&/ NMIM state-SCC (1)

We separated out the BMand exhaust naphthalene emissions into the on_snawgpm and
on_moves_startpm sectors, and all other MOVES taoits were sent to the on_noadj sector. Because
MOVES contains new parking area SCCs that arenotided in NMIM, we chose NMIM local road
SCCs to allocate those emissions to counties. 34igred the urban local NMIM to the urban parking
areas and the rural local NMIM to the rural parkamgas. Finally, we used the NMIM data to
disaggregate the annual California emissions tainlmhonthly California data and add the road type
detail of the SCC, which is needed for spatialcaton.

For the speciation pre-processing, the main iswaaneed to be addressed are (1) MOVES provides
some, but not all, of the exhaust Pdpecies, and (2) only some of the parts o Pyt the
temperature adjustment. To address these isseadewveloped additional steps to calculate albPM
species and PMC before temperature adjustment.

As shown in equation (2) below, MOVES provides ltétisl, s, PEC and PSO4. A remainder teiR,
makes up the difference between the two specieshanital PMs.

MOVES total PMs = PEC + PSO4 R 2
TheR term includes POM, which consists of POC and gagdgen and oxygen atoms attached to the

carbon as part of the organic matter, PNO3, sodasand metals (also known as “crustal” and called
METAL here), ammonium, and water, and thus canlge aritten as:



R = POM + PNO3 + METAL + NH4 + 4 ?3)

To correctly calculate the five PMspecies needed for CMAQ, we first needed to boeskhe POC,
PNO3, and PMFINE fronR. Because the PM temperature correction is applied only to the POC,
PEC, and non-carbon organic matter (part of PMF|ME) needed to first calculate the species without
the temperature adjustments. We named the unadj@#C_72, PEC_72, and PMFINE_72, and these
species were also used in the processing for tH@VES72” case. We computed the primary nitrate
based on speciation profile 92011 from the SPECW\TIHEatabase (Hsu et al., 2006) using equation (4)
shown below.

PNO3 = PEC_72 FNog/ FEC (4)

where,
Fec = Fraction of elemental carbon in profile 910220801136)
Fnoz=  Fraction of nitrate in profile 91022 (0.001015)

Since CMAQ’s PMFINE species is the sum of soil @sdmetals, ammonium, and water, we needed to
calculate all of its components. First, the mesad ammonium are computed using equations (5) and
(6). Equation (6) is based on stoichiometricatohltions.

METAL = PEC_72 X neta/ Fec (5)
NH4 = (PNosMWNo3 +2 x PSOMWSOA) X MVWNHa (6)
where,
Fmeta=  Fraction of metalén speciation profile 91022 (0.022256)
MWsos= Molecular weight of sulfate (96.0576)

MWhosz = Molecular weight of nitrate (62.0049)
MWins = Molecular weight of ammonium (18.0383)

The final component of PMFINE is the non-carbon snafsorganic carbon. To calculate the non-
carbon mass, we first needed to compute organbmodrom the remainder terR,

A key assumption is that POM is a factor of 1.2atgethan the mass of primary organic carbon, which
is also used in the CMAQ postprocessing softwaiePa.

POM = 1.2 x POC (7)

Using this assumption and assuming that tk@ il negligible, the equation needed for the calooth of
POC_72 is shown in equation (8) below.

POC_72 = 5/6 x§— METAL — NH4 — PNO3) (8)
From equation (7), the non-carbon portion of thgaarc carbon matter is 20%, of the POC. By
definition, PMFINE is the sum of the non-carbontpmor of the mass, METAL and NH4. Thus, we
computed PMFINE_72 using equation (9) shown below.
PMFINE_72 = METAL + NH4 + 0.2 x POC_72 9)

For mobile sources, we assumed that PMC is 8.68te0PM s mass. Equation (10) shows how we
calculated it.

10



PMC_72 =0.086 x (PMFINE_72 + PEC_72 + POC_72 ®®$ PNO3) (10)

Using these equations, we created pre-speciatedkEMQput inventories in SMOKE’s ORL format for
the starting and running exhaust parts of the MOWB@. The exhaust naphthalene emissions without
temperature adjustments came from MOVES values thélstate-to-county pre-processing. The
emissions species that we input to SMOKE were therdPMC_72, POC_72, PEC_72, PMFINE_72,
PS04, PNO3, OTHER (sum of METAL and NH4), and NARHT2. SMOKE generated gridded,
hourly speciated emissions for these species &rdapresentative days in 2005.

Figure 4; 2005 national MOVES Figure 4 illustrates at the national level the sjted
emissions at 72° F for onroad PM; s emissions at 72° F, broken out separately for the
gasoline vehicles running and start processes from MOVES. The

running emissions are much larger than the start

25,000 W Nirate emissions, though the start emissions add significa
. D(S)‘::atepm ] additional emissions mass by contributing another
20,000 1 e 25% to the total emissions mass. The figure ilatst
m Organic Carbon the predominance of POC in the speciation profite f

both running and start emissions. The PNO3
emissions are so small that they are impercepoible
the scale of this figure.

[tons/yr]

Running Start

3.4.2 Postprocessing

We developed a Python script to apply temperatdpgsements to the gridded, hourly SMOKE outputs
using gridded, hourly 1.5-meter temperatures froedM@MAQ meteorology data files. Using the
temperature curves separately for start and runemmigsions for gasoline vehicles (Figure 3), we
interpolated the temperature adjustment factor éetwhe one degree Fahrenheit increments and
applied this adjustment for each grid cell and HoulPEC and POC. In addition, we computed
PMFINE and PMC because they partially depend ithertemperature-adjusted emissions. The
equations for these calculations are provided iraggns (11) through (14), and all equations were
applied to gridded hourly emissions.

PEC = PEC_72 ¥F(T) (11)
POC = POC_72 XF(T) (12)
PMFINE = OTHER + 0.2 x POC (13)
PMC = 0.086 x (PMFINE + PEC + POC + PSO4 + PNO3 (14)
where,
TF = Temperature factor for either running exhaust artstg exhaust

= Gridded hourly temperature
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Note that equations (13) and (14) are analogoegtiations (9) and (10), but include temperature-
adjusted emissions rather than their 72° F compgenédrhe temperature adjustments are used only for
temperatures less than 72° F and only down toF20%djustments for temperatures below -20° F are
the same as the adjustment at -20° F.

In addition to applying the temperature adjustmémthie gridded emissions, we also applied them to
reports from SMOKE that had pre-adjusted emisssaumss by state/county FIPS code, SCC, and grid
cell. This additional step allowed us to apply ¢hiel-specific temperature adjustment factors & th
county-SCC level emissions, so that temperaturesteljl county-SCC emissions could be computed for
reporting, summary, and analysis purposes. Shisestep is optional and not in the directly life o
processing needed to support air quality modeltngan be skipped or done later to reduce procgssin
times.

Figure 5 illustrates the impact of the temperaadjistments on the onroad gasoline emissions from
MOVES. The bars at the far left show the runnimgssions before and after temperature adjustments.
These adjustments impact organic and element cangomost, with a smaller impact on the PMFINE
species (labeled “Other PM2.5”). The middle twesbshow the impact on the start process and the
final two bars show the impact on the total RNtom exhaust onroad gasoline vehicles, excluding
motorcycles.

Figure5: 2005 48-state speciated PYMOVES emissions for onroad
gasoline vehicles (excluding motorcycles) before after
temperature adjustments

70,000
H Nitrate ——
60,000 — O Sulfate — —
Other PM2.5
50,000 | mElemental Carbon [
—_ M Organic Carbon
— 40,000 —
5
B
S 30,000 -
20,000 -
10,000 -
) Running Running Start Start " Total Total
at72 w/Temp at 72 w/Temp at72 w/Temp
4 RESULTS

4.1 Emissionsresults

We compared the impact of the MOVES-based emissmtigat of the NMIM emissions including all
anthropogenic emissions sources. The emissiong MDVES instead of NMIM are significantly
different, and different in ways that are likelyitopact air quality modeling results. Although the
MOVES emissions were generated using national ¢étsfar most settings other than VMT, we believe
that these emission estimates represent a sigmificgorovement over previous emissions estimates.
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As shown in Figure 6, the national anthropogenicssions inventory in 2005 either increased or
decreased, depending on the pollutant. For NOssons, the MOVES case was 28% higher than the
NMIM case for the entire onroad sector (includimgyahe gasoline and not the diesel increases),
resulting in a 4% increase in national NOx emissiaoross all sectors. For VOC emissions, the
MOVES case was 22% lower than the NMIM case foramad sector, resulting in a 4.7% decrease in
national VOC emissions across all sectors. The£ROC, and PEC emissions all had a more modest
impact at the national level because the onroadlmeklissions are still a relatively small portioin

the total emissions of those pollutants. For eXanthough POC increased by 95% in the onroad
mobile sector, the increase across all sectorsowigs2.3%. The national increases in Mnd PEC
were 1% and 1.8% respectively. These nationaljJ@mmumbers downplay the significance of the PM
emissions changes. As we will show, the impaatush more significant in northern urban regions
during cold months, where both the temperatureections and the greater proportion of emissions
from mobile sources in those areas result in magder impacts.

Figure 6: Comparison of national inventories using NMIM o(ligft) versus MOVES onroad gasoline
(right), including all anthropogenic emissions s@4.
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Focusing on the impacts changes by month, Figglews higher PMs emissions in the winter,
spring, and fall in the MOVES case as comparett¢dMIM and MOVES72 cases. The figure
illustrates that the MOVES changeather thanthe temperature adjustments increase the emisisjons
about 80%. In October through May, the temperaadjastments increase the emissions above the
NMIM values from 83% in July to 658% in January.
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Figure 7: Monthly distribution of onroad gasoline BMemissions for the three
modeled cases.
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Focusing more closely on the regions where the midveases from MOVES occur, Figures 8a through
8c show the spatial variability of organic carbonthe MOVES minus the NMIM emissions across the
sum of the emissions froall anthropogenic sourcas January. Figure 8a shows the NMIM-based
emissions and Figure 8b shows the MOVES-based emsssFigure 8c shows the absolute difference
between the two cases. These figures illustratetkte largest impacts are in the northern urbaasar
though impacts still exist everywhere but CalifarniThe absence of changes in California is aidific
and results from our traditional and continued afs€alifornia-supplied inventories, which do not
include these temperature impacts.

Figure 8a: January POC from NMIM case
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Figure 8b: January POC from MOVES case
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Figure 8c: January MOVES POC less NMIM POC - absolute difiese
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We also compared state total differences for theamhgasoline emissions by state for the threescase
as shown in the January monthly emissions totaigsgare 9. This figure demonstrates that colder
states show more impact than warmer states. Fongbe, the NMIM-based and MOVES72-based
emissions in Georgia and lllinois are nearly ideatprior to temperature adjustment. However rafte
temperature adjustment the lllinois emissions aveenthan double those in Georgia.

15



with NMIM values by stal

1200

Figure 9: January 2005 Pp4 emissions from onroad gasoline sources, compM@QYES
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Focusing in on specific nonattainment areas, Figdrshows the January anthropogenic,BEM

emissions before and after the addition of the MS@\ase’s temperature-adjusted RMnroad

gasoline emissions. As illustrated by the figa®l, s emissions across all sectors increased from 5% to
15% in January. These increases are due to beth¢heases from MOVES unadjusted emissions and
the temperature adjustments. While not shownintreases in POC in January are more pronounced,
with increases across all sectors as follows: NenkY31%), Chicago (38%), Detroit (44%),
Philadelphia (18%), Baltimore (13%), and Clevel§BdPo).

Figure 11: Impact on January PM anthropogenic emissions of MOVES-based onroad leobi
for six PMp 5 nonattainment areas in 2005.
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4.2 Impact on MOVES and temperature adjustments on modeled air quality

We completed the three simulations of the CommuMitijtiscale Air Quality (CMAQ) model to assess
the impacts of the MOVES-based Pdémissions from on-road gasoline vehicles on base a#t
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pollutant concentrations. The three modeling casse identical 2005 base year simulations, except
for their treatment of onroad gasoline sources.

Our approach allowed us to assess the full impEdtse MOVES emissions relative to previous
estimates of on-road gasoline vehicle emissiongjedisas to isolate the impacts from the tempegatur
adjustments relative to the other changes discuasgdction 2.2. The annual simulations were
performed over a 36-km resolution model domain tioaers the 48-State portion of the U.S. shown in
Figure 1. We used the most recent public relefgeanodel, CMAQ version 4.7 (Rosed#eal, 2008)
for the analysis.

Figure 12 shows the absolute and percentage changasual average P concentrations over the
U.S. as a result of the increased emissions fretMOVES-based approach. The figure shows annual
average PMs increases of at least 0.08/m® (0.2 percent) are simulated over large parts®IS. in

the MOVES case. The increases are largest in magtmopolitan areas across the northern portion of
the U.S. where mobile emissions are large and teatyres can be below 72° F during many periods of
the year. PMs concentrations are increased by up to 0.2 tagld?’ in locations such as Minneapolis,
Chicago, Detroit, and the Washington, DC to Bostomidor.

Figure 12: Absolute (left) and percent (right) change in 20@Se case annual average;RM
concentrations resulting from switch to MOVES-basgdssions from previous
MOBILE6/NMIM approach.
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As expected, the impact on annual averages arerdgkimarily by air quality changes in the winter
months when temperatures are colder and the neguti} s adjustments are larger. Figure 13 shows
the same absolute and percentage changes i B for a January monthly average as opposed to an
annual average. During this period, monthly avesazan be as much as g@m® higher with the
MOVES-based emissions. The modeling showed tleatidjority of the impacts in using the MOVES-
based emissions estimates were due to the tempeeatjustments rather than the other changes in
MOVES.
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Figure 13: Absolute (left) and percent (right) change in Jag2005 base case average,RM
concentrations in MOVES case as compared to NMIséca
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The CMAQ-predicted Pl increases are driven by increases in predictedesital carbon (EC) and
organic carbon (OC); sulfates and nitrates areappteciably impacted. For EC and OC, the fractiona
increases can be much larger than what was seam RMgs was totaled. Figure 14 shows the
percentage increase in monthly average OC cont¢emisdor several major U.S. cities over the year.
Monthly OC concentrations can be increased by ashrag 20-25% in locations like New York City.
Similar to Figure 7, this plot shows that the terapgre adjustments have very little impact on model
base year concentrations during the warm season.

Figure 14: Percent change in monthly average organic carbonoaentrations from using
temperature-adjusted RMrather than unadjusted at five Pdhonattainment areas.
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The full model performance evaluation for the 20@Se case simulation with MOVES-based emissions
is ongoing. Recent EPA model evaluations (EPA820@ve shown that our CMAQ applications have
underestimated OC concentrations. For instantieeimodeling that supported the final rule on the
“Control of Emissions from New Nonroad Spark-IgoitiEngines”, organic carbon concentrations were
consistently underestimated by 25 to 50 percent alv@etworks and at all locations. The expeotati

is that model performance for OC will be improvedaaresult of including the emissions revisions
discussed in this paper.
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5 CONCLUSIONS

In conclusion, the methods and analyses descrifgeilhestrate several key points both about emissio
changes and air quality predictions as a resunobad gasoline MOVES-based emissions. Firsten th
emissions, the MOVES-based inventories are sigmtly different than MOBILEG6-based inventories
for NOx, VOC, PM s, and naphthalene. Second, the;Bkmperature adjustment approach described
here provides a credible, efficient approach feldpg MOVES-based temperature adjustments
without significantly adding to total emissions pessing time for regional modeling applicationfhie T
approach of using gridded temperatures providesistamcy with the meteorology used in the air
guality modeling simulations and also captures tenaoire gradients that could occur across counties,
particularly when using finer grid resolutions. ifth the PM s temperature adjustments add
significantly to the total Pl emissions in urban areas, particularly in northregions of the U.S.
Examination of the nonattainment areas with thgdst impact showed increases in 2ZMmissions
across all sectors from between 5% and 15%. Fesetsame areas, POC across all sectors increased
from 13% to 44%.

For the air quality results, first the MOVES-ba$dd, s emissions increase modeled base case air
quality PM.s concentrations by up to 1u@/m® in highly-populated urban areas of the U.S. inwfrter
time, as compared to MOBILE6-based emissions oAlyalysis of the air quality results using MOVES
emissions without the temperature adjustment shdietdhe majority of the air quality changes were
due to the temperature adjustments as opposeed tutlier MOVES-based emissions updates.

Our approaches have two major limitations, whigh@aveats on these conclusions. First, the ndtiona
defaults used as inputs for MOVES (except for stateounty allocation of VMT) do not provide as
accurate MOVES-based emissions values as usinggdpeaific MOVES inputs. Thus, conclusions
provided for specific areas may not reflect loaéfledences in onroad mobile vehicle mix, age
distributions, and other factors. This caveat aldmwed us a similar temperature curve approachlfo
PM, s and naphthalene adjustments, which would be miffreudt with local-specific inputs used for
each county. Second, since we ran MOVES at thie sdther than the county level, we added
additional uncertainties to our results. Whilestlinitation is ameliorated to some extent by tke af
state-to-county ratios from NMIM/MOBILESG, using aaly-specific MOVES runs would provide
different results.

Nevertheless, this work represented a good estiofdbe impacts of moving from an

NMIM/MOBILES6 approach to a MOVES approach for RMemissions. We anticipate additional
results from this work at a later time, includirgpae impacts of the NOx emissions changes and
revised CMAQ model performance evaluations usiegMI©OVES-based inventories. Further work is
needed to incorporate diesel MOVES impacts andldpveasible temperature adjustment approaches
to use when using local-specific MOVES inputs.
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